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The ORIGIN and THEORY of the GOTHIC ARCH. 
By the Reverend M. YOUNG, D. D. F.T.C.D. ani 
M.R.LJ. 



!• Notwithstanding the fufprifmg thmgs that have ReadNo^. 

been efFeded by the architeds of the middle ages, in raifing fuch ^' ^ ^* 
ftupendous piles on fo flight an apparent fupport as the pointed 
arch and flender Gothic pillar j it feems ihat their fucceffofs haye 
not, with all the care which the fubjed: defer ves, confidered how 
far any part of thefe great efFeds was to be attributed to the 
ftrndnre of the arch. Whether It has been, that the fuperior 
excellence of the Grecian architednre has afforded their genius 
fb thorough emproyment, that they have not had leifure to 
examine, with fufhcient accuracy, the works of our anceflors of 
the Gothic age ; or that their contempt of any thing that could 
originate amongft Barbarians, as perhaps they concluded of this 
arch, has produced a negled of that to which they might other- 
wife have attended with advantage; certain it is, that few, 
whether architeds or mathematicians, have paid much regard to 

this 
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this fpecies of architecture. And thofe who have incidentally 
made mention of it, have in general direded their enquiries to its 
origin rather than its principles. 

2. The Saxon, Norman and Gothic ftyles of architedure, though 
nearly related to each other, yet have their peculiar charaderifties 
and diftinguifliing features. The Saxon and Norman architecture 
agree in this, that the form of the building is the fame, the 
pillars round, fquare or polygonal, and very ftrong and maffive, 
and the arches and heads of the doors and windows femicircular* 
Mr. Bentham thinks that the criterion of Norman architecture, by 
which it is diftinguifhed from the Saxon, is its fuperior maflivenefs 
and enlarged dimenfions* The Saxon churches, he obferves, were 
often elegant fabrics and well conftruded, but generally of a 
moderate fize, frequently completed in the fpace of five or fix 
years, or lefs time. The works of the Normans were large, 
fumptuotis and magnificent, of great length and breadth, and 
carried up to a proportionable height, with two and fometimes 
three ranges of pillars, one over another, of different dimenfions, 
conneded together by various arches, all femicircular, forming 
thereby a lower and upper portico, and over them a gallery. In 
the centre was a, lofty tower, and fometimes one or two added at 
the weft end, as ' in the venerable cathedral at Hereford, which 
not long fince has funk under the weight of years. But I am 
inclined to think there is a much more ftriking difference between 
thefe two orders : I mean in the pillars^ The Saxon columns, 
we know, were round, fquare or polygonal, and very mafiive ^ 
but if we look into Dodor Ducarel's Norman antiquities, we 
Ihall find the Norman pillars, without exception, to be flender 

and 
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and clufteting. In England, therefore, the buildings ere^Sed in 
the time of the Norman princes were in a ftyle compounded of 
both ; to the limple and primitive Saxon adding the rich decorations 
and enlarged dimenfions of the Norman ftrudure. *The body 
or trunk of the pillars were ufually plain cylinders, or fet off 
only with fmall half columns united.to them j but, to adorn them, 
they fometimes ufed the fpiral grove winding round them, and 
the net or lozenge work overfpreading them. The capitals were, 
in general, left plain without any manner of fculpture, though 
inflances occur, in fome cafes, of foliage and animals on them. 
As to the. arches, though for the moft part plain and fimple, 
yet fome of their principal ones, as thofe over thq chief entrance 
at the weft end, and others more expofed to view, were abun- 
dantly charged with peculiar fculpture, as the chevron work or 
zig-zag moulding ; the embattled frette, the' triangular frette, the 
nail-head, the billeted moulding, and the hatchet moulding. 
To adorn the infide walls below, they had rows of little pillars 
and arches ; and applied them alfo to decorate, large vacant fpaces 
in the walls without; they ufed dfo the corbeltable •, and the 
nebule, which was a projedion terminating in an undulating 
line. To thefe marks of the Saxon and Norman ftyle, we 
may add, that they had no tabernacles or niches with canopies, 
or pi^nnacles, or fpires, or any ftatues to adorn the outfide of their 
buildings, thou^ fotnetimes they had miniature relievo figures 
over the doors. j"The marks which conftitute the charader of 
what is called the Gothic architedure, are its projeding buttreffes^ 
its pinnacles and fpires, large ramified windows, niches, canopies 

I and 

* Bentham's antiquities of Ely cathedral. 
f Rious's architefturc. 
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and fculptured faints, the fretted roof, the clufterlng pillar^ 
but above all, the pointed arch. And as plainnefs and folidity 
conflitute the leading features in the Saxon and Norman build- 
ings, fo, on the other hand, the Gothic architedure is diiiinguiihed 
by the lightnefs of its work, the boldnefs of its elevations, and the 
profufion of its ornaments. So that the Saxon bears fame fimili- 
tude as it were to the Tufcan order •, the Norman to the Doric 
and Ionic 5 and the Gothic to the Corinthian and Compofite. 

3. In our enquiries into the origin of the Gothic ftyle, we 
meet with not lels genius and fancy than has been difcovered by 
the writers on the origin of the Grecian orders, but a much 
greater diverfity of fentiment j there being not lefs than five 
different opinions held with regard to the rife of this fpecies of 
architedure : either that it was introduce from the eaft by the 
Crufaders, and fhould therefore be called Saracenic j or borrowed 
from the Moors in Spain, and fhould therefore be ilyled Mborefque ; 
or derived from the ancient cuftom of worshipping in groves^ 
where the eye being long accuftomed to contemplate the arches 
formed by the branches of the trees that fhaded their altars, it 
was natural, when covered buildings fucceded to thefe groves of 
worihip, that men ihould endeavour to introduce fome fimilitude 
between them and thofe places in which they had been accuf- 
tomed fo long to perform their religious ceremonies ; and that ac- 
cordingly we find not only the arches formed by the branches 
exadly imitated by the pointed arch, but the {terns of the 
trees as accurately reprefented by the llender and cluflering 
pillars. The elegance, ingenuity, and plaufibility of this opinion 

have 
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have not failed to procure it the moft general approbation. By 
others however it is maintained, that this arch originated froiiv 
the interfedion of circular arches in Saxon architedure ; and 
others, laftly, from the like interfedion of circular arches in Grecian 
archite^fiure. 

4. With regard to the firft opinion, which has been coun- 
tenanced, or rather firft advanced by Sir Chriftopher Wren, fome 
weighty objedions obvioufly prefent themfelves. And firft ; in- 
ftances may be produced of the exiftence of the pointed arch in 
Europe antecedent to the Crufades. * Dr. Stukely is of opinion, 
that the antient fanduary at Weftminfter, in which the arches 
were pointed, was built by Edward the Confeflor : " Neverthelefs," 
fays he, " I ftiall not be averfe to think it much older." f The 
church of Kirkdale has alfo the pointed arch, and is of the age 
of the Confeffor. Croyland bridge in Lincolnftiire, which confifts 
of three Gothic arches, and is fuppofed to have been built in 
honour of the Trinity, is of an earlier date than the Crufades, the 
time of its building being determined to be the year 860. Befides, 
it does not appear, that what we call the Gothic is the prevailing 
ftyle of architedure in the Eaft; on the contrary, the ftyle 
which predominates in that country is a corruption of the Gre- 
cian. This is a point fo uuiyer fally admitted, that Dr. Warburton 
raaintains, dat the Saxon architedure is an imitation of the 

I a Eafterri, 

• {Archaeol. vol. 1. 

f See Ledwich on Churches, Archaeol. \(A. viii. 
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Eaftern, '^ When the Saxon kings/' fays he, " became Chriftiani 
^' their piety (which was the piety of the times) confiflied in 
" building churches at home, and performing pilgrimages to the 
" Holy-land ^ and thefe fpiritual exerciles affifled and fupported 
*' one another : For the moft venerable, as the moft elegant mo- 
^^ dels of religious edifices were then m Paleftine. From thefc 
" our Saxon builders took the whole of their ideas, as may be 
^' {ctn by comparing the drawings which travellers have given 
'* us of the churches yet ftanding in that country with the 
*^ Saxon remains of what we find at home. Now the architect 
*^ ture of the Holy-land was entirely Grecian, but greatly fallen 
*^ from its antient elegance/' See Pope's Effays, vol. 3, Ep. 4. 
And Mr. Ledwich, in his learned elTay on the architedure of 
our Englifh churches, advances very ingenious arguments to fhew 
that the Saxon llyle had an Eaftern origin, and produces a ftriking 
inftance from a Syriac MS, of the Evangelifts, written A. D» 
586, preferved in the Medico-Laurentran library at Florence^ 
which contains drawings of arches ornamented with every cha- 
raderiftic of the Saxon ftyle, * Cornelius Le Brun has publifhed 
many views of Eaftern buildings, particularly of thofe in the 
Holy-land ; and in all thefe only one Gothic ruin, the church 
near Acre, and a few pointed arches occur, and thefe were built 
by the Chriflians when in pofleffion of the country. In Sales 
Koran, the temple of Mecca is reprefented as built with {cmi- 
circular not pointed arches. Neither did Pocock, Norden, or 
Shaw difcover any traces of this ftyle, as far as we can argue 

from 
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from the drafts which they have given bs in their travels. It 
apj)cars therefore, that there is little or bo reafon for fnppojfing 
our Gothit: buildings imitations of the Eaftern ; for although the 
pointed arch may in fome few places occur, yet it by no means 
is the charaderrftic of the Eaftern f^yle, 

5. The lecond opinion, that the Gothic architedure was 
derived from the Moors, who introduced it with their vido- 
rious arms into Spain, from whence it was imported into 
the other countries of Europe, appears to be lefs tenable than 
the firfi ; the form and decorations of the Mooriih arch being very 
different from the Gothic, as may be feen in the drawings which 
are given us of Moorifh buildings, particularly of the celebrated 
palace of Alhambra* See Swinburne's travels in Spain. See alfo in 
HoueFs Pidurefque Voyage through the iflands of Sicily, Malta and 
Lipari, a drawing of the prince of Palagonia's palace at La Bagaria, 
which is a Moorifh building. Neither are there the leaft traces of 
Gothic architedure in the drawings of the Moorifh palaces in Les 
Delices d'Efpagne ^. In all thefe, and alfo in the Mooriih caflle of 
Gibraltar, the arches are either femicircles, or fegments greater than 
femicircles, approaching to the horfe-£hoe form, which is the 
genuine Mooriih arch.. 

6. The third opinion is that of Dr. Stukely, '' The original 
^' of all arts," fays he, '^ is deduced from nature ; and aiTuredly 
" the idea of this Arabian arch^ (fo he calls the Gothic) and 

llender 
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'^ flender pillar, is taken from the groves facred to religion, of 
*' which the great patriarch Abtaharti Wa» the iiivent<ir,** This 
hypothefis was adopted by Dr, Warburtoii, who has fet it 
forth to full advantage in his notes on Pope's Bffayd, See Ep. 4* 
Againft which however there lie fome objedioas that do not 
admit of very obvious anfwers. 

jft, When worlhipping in buildings of Wood and ftone fnc* 

ceeded to the cuftom of worfhipping in groves, if the fefliion of 

thefe buildings had been fuggefted by the images preferited in 

groves, as this opinion fuppofes, then the moft ancient ftyle of 

religious buildings would have been Gothic. But this is con*- 

tradided by fad j for in the Eaft, where worfhipping in groves 

firfi prevailed, the architedure is not of this primitive fpecies, 

but is a corruption of the (jrecian, in which- the circular fbrm 

of the arch is retained. And it is a known truth, that th^ ftioft 

ancient religious buildings, of which we have any account, were 

not in that %le which is called Gothic. But if fo, this hypo^ 

thefis mull be abandoned; for it is tmreafonable.to ftippofe, that 

the arches in the lirft religious buildings which immediately fuc- 

ceeded the period of worfliiping in groves, ihould not be^r arty re* 

femblance to thofe which are reprefented by the interlacing branches 

of trees, when the minds of the architeds were fo ftrongly im- 

prelfed with the images of thofe " Leafy Cathedrals,'* and yet, 

that the form of the arches, which- Were introduced ages after 

that cuftom, and all its concomitant fcenery had funk into utter 



oblivion, fhould be derived from them. 
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2dly, Though it fhould be granted, that the origia of Gothic 
archit€<3qre was derived from the ciiftom of worfliiping in groves, 
yet there does not appear to be any reafon why this ftyle fhould 
therefore be introduced into military architednre. Yet we find, in 
faft, that, in England at leaft, it has been introduced into military 
perhaps ^^ early as into religious buildings. Edgar's tower at 
Woreefter, which i^ in the Gothic ftyle, was the portal into the 
Saxon citadel, and was ereded in the reign of Ethelred, the fe- 
cond fon of Edgar, anno 1005, as appeared from an ancient 
infcription on a ftone in the building which was taken down a 
few yearp ago : the inlcription may be feen in Mr. Greenes hiftory 
i>{ that city. Dodor Littleton, dean of Exeter, in a differtation^ 
r^d before the fociety of Antiquarians in 17$ 7, has indeed ven- 
tured t9 aifirm, that this tower is not older than the time of King 
John, on the authority of Mr. Habington^ who fays, " that i^ 
^* aU Ukelybood^ the figure of the King with crofl!ed legs reprefents 
" King John, who, anno 1215, took on him the fign of the crofs 
** for the holy voyage ^ or King Richard the ift, whofe lyon'? 
^' heart fo conq\iered the infidek." But he takes no notice, as isj 
obferved in Grofe, of the female figures on each fide of the King, 
nor of the date. And as both thefe kings h^d each but one wife, 
the dean believes the figure really reprefents King Edgar, and the 
two female figures Ethelfleda and Ethelfrida. But if this be ad- 
mitted, it feems to follow, that it muft be of the antiquity which 
the date implied \ for it is highly improbable, that in the reign of 
one of the Norman princes, a tower fhould be ereded to the 
honour of a Saxon king, who had died two hundred and fifty years 
before* But whether this building, be altogether of as ancient a 

date 
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date as is affcrled, or not, it is evident that the introdudion of 
this arch into military buildings could not have arifen from any 
defire of imitating the original fcenes of religious worfhip -, it muft 
therefore have taken its rife either from a fuppofition of its fupe- 
rior ftrength, beauty, or other peculiar advantages : And this 
being once admitted, there is immediately affigned a more pro- 
bable and fufficient reafon for its introdudion into religious archi- 
te£ture alfo. 

3dly, One of the principal arguments in favour of Dodor 
Stukely's opinion is, that the Gothic ftyle comprehends not only 
the pointed arch but the flender and clniLering pillar alfo 5 the one 
reprefenting the Rcms of the trees, the other the arches formed 
by the interfedion of their boughs. " Could the arches be other- 
^' wife than pointed," fays Dodor Warburton, " when the work- 
^^ man was to imitate that curve which branches make by their 
*^ interfedion v/ith one another ? Or could the columns be other- 
'^ wife than fplit into diliind Ihafts, when they were to reprefent 
" the flems of a groupe of trees ?" But this argument overturns 
the hypothelis in confirmation of which it is advanced ; for on 
this fuppofition the flender and cluflering pillar Ihould be of the 
fame date with the pointed arch ; and they fhould have been in- 
feparable companions in art as they arein nature, of which it is 
pretended, that this ftyle is a clofe copy. Now we know, that the 
pointed arch when firft introduced into England, was not fupported 
on flender pillars, but on the maffive columns of the Saxon 
order, which were in fafhion at that time; and afterwards on the 
flender fluted pillars of the Normans, which were at length fplit 

into 
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into diflin«a Ihafts, at a more advanced period of the GpMo ftyle. 
So that, in England at leaft, the pointed arch and clustering pil-* 
lar have had dfffer<ent qriginals and periods of intrpdudion* .This 
obfervation feems to me efFedually to overturn the; hypothefis we 
are at prefent examining^ one main part of the fancied fimilitude be- 
tween Gothic architedure, and the ancient fcen^s . of religious 
wor{hi|)^ being thus proved to have fprung from a different 
fource. 

4tUy, If the pointed arch had been intended to refembb 
arcades formed by the branches of trees, we tnuft fuppofe, that 
the ornaments of that arch would have had a clofe affinity to 
their original. But on the contrary we find, that leav^ or foliage 
conftitute but an occafional and accidental, not an effential part 
of the Gothic ornaments, 

7. The fourth opinion on this fubjed: is, that the Gothic arch 
has probably taken its rife from thofe arcades we fee in the early 
Saxon and Norman buildings, where the wide femicircular arches 
conne<ajng the alternate pilafters, crofs and interfed each other, 
and form at their interfedion a narrow s^nd ftiarp pointed ardi. 
But ther^ does not appear fufficient gi^utids for our attributing 
the origin of this arch in general to th,e interfei^ion of Saxon 
circles ; for if fo, the Gothic archite<fiure would have had a 
Saxon original : but we find it in countries where no other traces 
of the Saxon ftyle occur* Tbu$ the pointed arch difpovers itfelf 
amongft the Moorish arches in the famous palace of Alhambra; 
and not only the pointed arch but fluted pillar alfo is to be found 

K in 



in the cfert^^ at Moffbii, in: the illand of Cyprus. 

Sed ©i^iiirid^hd^ ^^tr^ to the 

Iri^ of W'Paffiters,^ f^^ m^ % ^'tiine bf 1^ (that 

is, abbuttheyear 500) the architecture in Italy was of that man- 
nbr called ^l^efeo or Teutonic*. And the baptiftery at Pjfa, built 
hi the year^ib^3V was ftiblfequfent to the pdrhd'oT Gothic archi- 
tedifre in that country, in whith, though built hi 'the Grecian 
ftyle, we yet difcover evident traces of the Gothic, which was 
now giving way to a better fafhion : But, at that period, we are 
certain, that the archite£htre in* England was riot Gothic. And as 
we fiiid the uie of the poilitea aich in countries lb widely diftant, 
we mull look for Ibme itiore general principle of its inttodudion 
than the interfedion of Saxon archesv 

8. The 



* After {peaking of the five Grecian orders, he thus defcribes the ftyle which he calls 
Tedcfco : ** There is another fpecics of archite^hire ealleci Tedefco, which in its orna- 
ments and proportions is very different from the antique and from the modern ; nor 
is it ufed at prefent by good architefts, but is avoided as barbarous and monftrous ; 
being entirely. deficient in order, - fo that itihaybe rather called diforder and confufibn. 
The doors are ornamented with jflender pillars, and twitted lUcc vinc^ which canr 
not have ftrength to fuftain a weight, however light it may be. And thus by all 
their mouldings and other ornaments, they made a jumble of tabernacles one 
upon atic^er, with fo many pyramids, and points, and leaves, that they are not 
only unable to fuftain a weight, but fcarcely even to ftand ; and they have more the 
appearance of being made of cards, than of ftoncs and marble. And in thefe 
works-they-miade fo many fudden I tranfitbns, breaks, little brackets, and turns, 
that they marred the proportion of their wofis : and often went to fuch a height, 
that the top of the door touched the roof. This manner was invented by the 
Goths, who, after they had deftroyed the ancient fabrics, and the archite£i:s 
vere flain in war, introduced the arches of the fourth point, and filled all Italy 
with this monftrpus ftyle of building,'* Fafar^s Lives of the Painters and ArcbiteBiy 
voL i. /. 65. 
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8. The fifth opinion i^ that which has been given by Mu 
Barry^ in his very ingenious and elega^nt Enquiry Into the real and 
maginary obfirfi&ions to the arts in England^ where he endeavours to 
(hew us the fucceilive corruptions of architedure, as they grew 
out of ono another, by which it was kd infenfibly from the 
Grecian to the Gothic tafte, '' There are at the dome of Viterbo/* 
fays he, ^' and at St. Mark's, Venice, ranges of columns, from 
^^ which regular arches, of half a circle, interred one another^ 
*^ by being made to fpring from every third column, which gives 
" a Gothic arch between every two." And he farther adds, 
that before the great nich, which has been cut through the attic 
of the pantheon, there are two columns which are remarkable^ 
as the flutes are more than a diameter of a circle deep. This 
outrayed a little, by finking the flutes deeper, and leffening their 
number, he thinks, led to the Gothic bundle of columns* 

That the Saxon, Gothic, Moorifh and Eaftern ftyles of build- 
ing are but various corruptions of the Grecian, feems evident : 
The fimilar divifion of the column into pedeftal, Ihaft, and ca- 
pital, the imperfed acanthus, and the faint traces of the Ionic 
volute which we fometimes meet with, will not fuffer us to 
doubt of this ; but that the Gothic arch derived its origin from 
the identical circumftance in Grecian architedure here pointed 
out, feems by no means fufiicrently evident. For St. Mark's, 
Venice, according to the teflimony of Vafari, was built towards 
the conclufion, not commencement of the period of corrupt archi- 
tedure. So that if the pointed arch was indeed fuggefted in this 
manner, which however is extremely uncertain, it muft rather 

K 2 " have 
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have been derived from the church of St. Sophia at Conftantmo-^ 
pie, which v^^s built in the zoth of Oonftatitm-e, that is, in the year 
344, and was the original from whi^h the plan of St, MarkX Venice, 
was t^ken. Although the Gothic architedure commenced fo early 
among'ft the Gofeh^ and Longobards, and that the true tafle began 
to revive about the year ^*^,%'i ye^t attachment to in^ett^tate cuiiom^ 
and the beauty of the ftyfe itfelf prevented it imm faflin^g into entire 
difufe for fotoe -centuries after ; acbordmg to the-obforvation of Pira- 
neli, in his work Ddh^ magmfiten%a d^ arcfntMttkm di Romania *' la 
" Greca (architettura) poi non pott^ eflfer portata in Egitto, fe 
^^ non fotto il regno 6£ Tolommei : qiiantunqu^ per altro, iic- 
*^ come difficilm^nte ci diftacchi^mo dai coftumi inveterati, € 
^* cofa piu probabik, chc a que' tempi fi confotideflt^ Tuna col? 
" altra, di quel che I'Egizia fbfle affatto pofta ia dffufo. In quella 
" guifa apputito ch« noi vediamo la chte:fe di S, Agoftino, tanto 
^ tempo dopo^ effere flati fcacciati dltalia i Goti e i Longobardi^ 
** cio6 Tanno 1483 di Crifto, effere ftata fatta alia Greca, e in- 
" fieme di quell farma ftranicra, la quale era ilata m ulo in Italig, 
" per tanto tempo/' We are further to obferve, that when it is 
faid, that the deepening of the flutes in the Grecian columns led 
to the Gothic cluftering pillar, it is not neceffary to fuppofe, that 
the Gothic ftyle, m this refped, was diredly derived from tbe 
pure Grecian, without paffing through any intermediate grada- 
tions. In England it is more than probable that the fluted co- 
lumn, and its offspring the cluftering pillar, was of Norman 
defcent, as may be conjedured from the drawings of Dodor 
Ducarel ; which Norman ftyle, we muft allow, was but a cor- 
ruption of the Grecian, thus at length propagated into England, 

And 
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And that we, of theie cotnitries, are not in any wife indebted 
to the Norman builders for the pointed arch itfelf^ cannot I think 
be very pofitively afferted, when we conijder that the win- 
dows of the palace of William the conqueror at Caen were all 
painted. So that althdtigh the pointed arch might have exiiled 
in England prior to this peridd, yet it was not till after the Nor- 
man conqueft that it *feecame the prevailing fafhion* This cir- 
cnmftance of the ttirn of the archies m the palace at Caen Dr. 
Bucarei feems to have forgot when he tells xis, ^page 102, that 
the pointed arches were not introduced till near the end of the 
twdfth centur)r. Italy has long been the fchool for the fine arts, 
and as the Gothic archite6tnre, from the teftimony of Vafari, 
feems firft to ha^e originated there, it is probable, that architeds 
bringing hom^e with them from^ thence the idea of the pointed 
arch, it altiimed in different countries the garb of that into which 
it had been admitted. Thns the Gothic buildings m Germany, 
England, Spain, though they agree in the form of the arches, 
differ widely in their decorations* 

** There iffued from the hands of the maflers of thofe times,'* 
fays Vafari, '^ thofe fantaftical and rude things which appear, even 
" at this day, in what remains of their works. The fame thing 
^^ happened in architedure, for it being neceffary to build, and 
*^ the form and good manner being entirely loft by the death of 
'^ the artifts, and the deftrudion of their works, they who gave 
'^ themfelves up to fuch ftudies, did not build any thing which for 

^^ order 

* See his Norman Antiquities. 
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*^ order or meafure had grace, either ia the defign or in any pro* 
^^ portions. Whence new architedls arofe, who from their barba- 
^^ rous notions produced that manner of building which by ns is 
" now called Tedefco^ who did fome things which afforded rather 
"' a fubjea of laughter to the moderns, than praife to them j 
" until afterw^ards better archite(9:s found out a better form, and 
^^ fomewhat like unto the good antique. In this %le are the 
^^ oldeft churches in Italy, but not antique, which w^ere built by 
*' them, as by Theodoric, King of Italy, a palace in Ravenna, one 
^^ in Pavia, and another in Modena, but in the barbarous man- 
" ner, and rather rich and large, than well defigned or of good 
" architedure. The like may be faid of St, Stephen's in Rimini, 
" of St. Martin's in Ravenna, an<l of the temple of St, John the 
^^ Evangelift, b\iilt in the fame city about the- year of our falva^ 
" tion 438 ; of St, Vitale, which was built in the year 547, and, 
*' in fine, of many other monafteries and temples built after the 
*' Longobards. All which buildings, as has been faid, are great and 
*^ magnificent, but of moll incorreO: architedure ; and amongft 
^^ thefe are many abbies in France, built to St. Benedetto \ and the 
" church and monaftery of Mount Cafino ; the temple of John 
*' the Baptift at Monza, built by that Theodolinda, queen of 
" the Goths, to whom Pope Gregory wrote his dialogues \ in 
*^ which place Ihe caufed to be painted the ftory of the Longo-- 
^'' bards. Afterw^ards, in Florence, architedure recovering a little, 
*^ the church of the Holy Apoftle, which was built by Charlemagne, 
^' though fmall, was in a very beautiful manner. The architedure 
" of this church was fuch, that Pippo di Ser Brunnellefco did not 
^^ difdain to make uiq of it as a model for the church of the 

'' Holy 
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^* Holy Ghoft^ and that of St. Lorenzo in the fame city. The 
" fame may be feen in St. Mark's, Venice, which was begun 
^' under the Doge Juftinian, and^ finifhed in the Grecian manner 
" in the year 973. And thus things went on till the year 1140. 
" In the fame Greek manner, and at the fame time, were the 
^[ f^YCn abbies, which the Count Hugo, Marquis of Branden- 
" burgh, caufed to be made in Tufcany- and other buildings, 
" which fhew, that architedure kept its ground a little, but 
** much corrupted, and very different from the good ancient. 
" manner; of which many old' palaces bear teflimony, built in 
" Florence, after the ruih of 'Fefole, of Tufcan workmanfhip, 
*Vbut m the barbarous ftyle, in the meafure of the doors, and 
" very long windows, and in the curviture of the Iharp arches 
" of the fourth point, m the turn of the arches, according to 
" th« pradice of the ftrange architeds of thofe times. After- 
" wards in the year 10 13 the art feems to have recovered its 
" vigor a little; in the rebuilding of the beautiful church of 
** St. Miniato, in which it appears, that the Tufcan artifts en- 
** dcavoured to imitate in the doors, windows, columns, arches, 
" cornices, as much as they could, the good ancient order, &c." 
I have been thus full in this extrad from Vafari, as he is fo 
cxprefs as to the period and manner in which this Gothic ftyle 
of building firft originated, and is fo competent a judge of fuch a 
fubjed. 

Mr. Ledwich indeed, in the effay above referred to, is of 
opinion, that the Gothic arch had been known and ufed many 
centuries before the Gothic power was eftablifhed. But the two 

inftances 
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inftances which he produces, as he himfelf obferves, are not per- 
fedly Gothic, but thofe arches called tontrafted-i which have never 
been afcribcd to the Goths and Longobarda : and we are further 
to obferve, that they are not fuppofed to reprefent an adual 
building, but the ornaments of a cibarium only. 

But in truth it feem^ extremely nugatory and fruitlefs to 
endeavour to afcertain the fpeciiic accident which gave birth to 
the pointed arch ^ many almoft innumerable diiferent circum- 
fiances could be affigned from which it might have originated ; 
and who would venture confidently to adopt one in exclulion of the 
reft ? One may, perhaps, appear more probable than another ; but 
difcoveries do not always arife fram thofe circumftances, which after 
they have been made, might have been fuppofed moft naturally 
to have led to them. Who, far inftance, after ftudying the 
works of Newton, could have conjedured, that his great theory 
of the imiverfal gravitation of matter had been fuggefted by the 
falling of an apple from a tree ? — The mind indeed may fome- 
times amufe itfelf with excurfions into the aerial regions of fancy 
and cQQJedurc; but to find reft^ it muft return to the firm ground 
of fad. However entertaining therefore our fpeculations may 
be on the poliihle caufes which gave rife to the idea of the Gothic 
arch, we can be faid to rcafon only when we dired our enquiries to 
the adual properties of the arch, which might have recommended 
its introdudion into architedure, after the fafhion of fuch an arch had 
been conceived. In oAer cafes^ as in the circle, ellipfe, and catena- 
ria, the nature of the curve alone is fuppofed fufficient for that pur- 
pofe; why then in the Gothic arch are .all thefe confiderations to be 

'' paired 
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paffed over ? Certainly if it be polTelled of any peculiar advantages, 
it feems unreafonable to fuppofe, that they were entirelyun known 
or difregarded ; and that it is really poirelGTed of fuch, or at leail 
has been fuppofed to be fo, which is fnfficient in the prefent cafe, 
we may conclude from what has been faid by Monf Gautier on 
this fubjed, in his Trake des Fonts et des Cbemlns ; " The Goths/^ 
fays he, '^ who fucceeded the good tafte of the Roman architedure, 
" ereded bridges in many parts of France with pointed arches, 
" deligning by that means to diminifh the lateral preflure, both 
" in public and private buildings, and alfo in the churches of 
" that period, which ffill remain." And Sir Chriftopher Wren 
obferves^ " that the fharp-headed arch rifes with little centering, 
*' requires lighter key-ftones, and lefs butment, and yet will 
*^ bear another row of double arches rifing from the key-ftone.*' 
The idea of the pointed arch might indeed have been firft fug- 
gefled in the manner defcribed by Mr. Barry, or perhaps by the 
perfpedive of groin arches ; but the mere conception of fuch a 
form, would not, I ihould imagine, have been a fufficient mo- 
tive with architects to introduce it into their mofl magnificent 
buildings, and where it was to fuftain the greateft weights, I 
fhall therefore now proceed to enquire into the theory of this 
arch, and endeavour to afcertain its relative ftrength as compared 
with circuUr and elliptic arches, when in a ftate of perfed equili- 
bration; and alfo to determine the aberration from a true ba- 
lance, which is generated by the horizontal termination of the 
folid building ereded on itj from whence we fhall be enabled 
to form fome conjjedure, whether the theory of the arch itfelf 

L may 
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may not be juftly enumerated amongft the caufes^ to which we 
owe its introdudion into architedure. 

9. The equilibration of arches, which has been fo well treated of 
by Mr. Emerfon in his Ej[Jay on the Conjirudiion of Arches^ and 
Mr. Hutton in his Efjay on Bridges^ may be afcertained in a 
very fimple manner^ by confidering the vauffoirs, or arch-Hones, 
as lb many wedges utged by the incumbent weight, and endea- 
vouring to fplit the arch. Now the efficacy of a wedge depends 
on the magnitude of its vertical angle, the impelling force, and 
the refiftance to be overcome. On the firft account the force of 
the vouflbir, confidered as a wedge, at any point of the arch, 
is diredly as the radius of curvature of the arch at that point ; 
on the fecond account, it is as the fquare of the fine of the angle 
formed by the tangent to the curve, at the given point, with a 
vertical line ; and on the third account, it is diredly as the fine 
of the fame angle. 

10. The materials of which arches are compofed are luppofed to 
be of the fame magnitude j and the joints of the flones muft always 
be perpendicular to the curve, for every force ading againft a 
furface ads in lines perpendicular to it j and therefore the force 
of the incumbent weight to rend the curve is to be refolved into 
two, one of which muft be perpendicular to the curve, and the 
other, of conlequence^ in the diredion of the tangent : now if 
this latter force were not perpendicular to the joints, that is, if 
the joints were not perpendicular to the curve, there would arife 

a lateral 
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a lateral preflbre, whofe 'direction would not be along the tangent, 
and wanting a force to fuftain it, would deftroy the equilibrium. 
Let E A B F, rmnty reprefent two concentrical femicircles ; alfo Fig. u 
let A B, ;w ;/, be two vouffoirs fimilarly fituated, whofe fides, being 
perpendicular to the curves, converge in the centre C : the forces of 
thefe vouffoirs, confidered as wedges, are inverfely as the fines of 
their vertical angles, that is, becaufe of the equality of the arches, 
diredly as the radii of curvature : And the like holds in any 
other curves whatfoever. 

11. Again, letH^^ be the invariable breadth of the vouffoir, 
and G^ H h the incumbent weight ; this weight, becaufe the alti- 
tude G i^ is fuppofed given, is diredly as the breadth h k of the in- 
cumbent colukun ; that is, if A H be confidered as radius, direftly as 
the fine of the angle hYik^ formed by the tangent at the point H 
with the vertical line g H : but the force of this entire weight muft 
be refolvcd into twO, one ^ K in the diredion of the tangent, the 
other HK perpendicular to the curve, which is the force im- 
pelling the vouffoir to fplit the arch; and the line HK, which 
reprefents this latter force, becaufe ^ H is given, is the fine of 
the angle H j^ K, which is equal to that formed by the tangeiit at 
H with the vertical line. Hence therefore, conjoining both thefe 
ratios, the force impelling the vouffoir is as the fquare of the 
fine of the angle formed by the tangent to the curve, at the 
given point, with the vertical line. 

12. Again, the wedge, impelled in a diredion -peipendicular 
to the curve, endeavours to fplit the arch, and therefore move 

L a one 
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oiie fegment about the fulcrum r, and the other about the fulcrum t j 
and therefore the force of the vouffoir, a<aing on the levers H /, 
H r, is directly as the perpendiculars tp^ r q^ let fall from the 
fulcrums on the line of diredion H^, that is, diredly as the 
fine of the angle / C/», or H^ K* 

13. Hence therefore if a weight, like a wall, be incumbent 
on the arch E A B F, ftanding in a vertical plane, if the height 
of the wall on any point be in a ratio compounded of the recipro- 
cal triplicate ratio of the fine of the angle formed by the curve 
and vertical line, and the reciprocal fimple ratio of the radius of 
curvature in that point, all the vouffoirs will endeavour to fplit 
the arch with equal forces, and therefore will be in perfedl 
equilibrium with each other. On this general propofition depends 
the theory of the conftrudion of arches, 

14. But fince the materials with which arches are conftruded 
are not of infinite ftrength, there muft be a certain degree of 
preflTure, which will rend even an arch whofe parts are in perfed 
equilibrium. Now the ftrength of an arch, in its different points, 
is as the greateft weight which it is able to bear on thofe points 
without breaking ^ that is, in a ratio compounded of the reci- 
procal triplicate ratio of the fine of the angle formed by the 
curve and vertical line in its different points, and the reciprocal 
fimple ratio of the radius of curvature in the fame points. On 
this principle the comparative ftrength as well of different arches 
as of the fame arch in its different points may be eafily afcer- 
tained. 

15. Let 
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15* Let BD, confidered as variable, reprefent the fpan of FJg. a, 
the Gothic arch BED, fpringing from the points B,D; and 
the invariable line CD thp radius of /the circle by which the 
Gothic arch is defcribed. On B D defcribe the femicircle B H D ; 
the ftrength of the fern icircular arch BHD at H is to the 
ftrength of the femicircular arch A G D at G, as C D to K D^ 
by Art. lo. But, ,iince the relative ftrength of arches is to be 
determined by comparing them in their weakeft points, (for if 
an arch fails in any one point, the whole falls to ruin) the 
ftrength of the femicircular arch AGD will be to the firength 
of the Gothic arch^ as the Ikength of the femicircle at G to 
its ftrength at E, that is, as the greateft weights thefe points 
are able tp bear when in equilibrium ; that is, recipxocally as 
the. cube of the angle I^EF contained by the vertical lijne IE arid 
the tangent to the circle at E^ or its equal E C K, that is, as the 
cube of E K to the cube of radius, A.rt. 14. Therefore^ eoc cequo^ &c. 
the ftrength of the femicircular arch B H D at H, is to the 
ftrength of the Gothic arch of the fame fpan, defcribed with the 
radius CD, as GC x EK^ to KD xGC^, orasEKx AK 
toCD*. 

16. Since the re^angle E K X A K vaniffics at both extre- 
mities when K arrives either at A or D, there muft be fomie 
intermediate ftate where it Mji^ maximum -, to find this 

ftate, tet €D=.^, aiwi CK=^«} EK:;=a*-^, and AK:=za+x^ 

therefore 
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therefore the redangle E K x A K = a^-^^l x ^ +• ^ , whofe fluxiou 

a^'-'X*] X -^ - - ■ ^0^ Whence x^H-^ax ==1^% and x=^.i^* 

That is, the redangle E K X A K is a maximwn, when C K = i C D : 
or, becanfe C D is conftaut, the ratio of the ftrength of a femicircular 
arch to a Gothic arch of the fame fpan is greateft when the fub- 
tenfe of half the Gothic arch is equal to its fpam. In this cafe the 
ftrength of the femicircular arch i3 to the llrengtb of the Gothic 
as 1299 to 1000, or 13 to 10, nearly. 

If the radius of the Gothic arch be three-fourths of the fpan, 
in which cafe it is called the fliarp arch of the fourth point, the 
ftrength of a femicircle will be to the ftrength of a Gothic arch of 
the fame fpan as 1257 to 1000. And if the radius be two-thirds 
of the fpan, in which cafe it is called the ftiarp arch of the third 
point, the ftrength of the femicircle will be to the ftrength of the 
Gothic arch of equal fpan as 1 210 to iooq* 

17. Because tbe redangle E K X A K exceeds the fquare of the 
femidia meter when the point K bifeds C D, and vanifties when K 
arrives at D, there muft be fome intermediate pofition, in which 
the redangle EKxAK is equal to the fquare of radius. To 
find the magnitude of KD in this cafe, let CK^at, and CD = ay 
as before ; then E K — ^ a'' - x\ and AK^a + x-^ therefore 
a + X X ^/ a''^x^ = a^^ and x'^+2ax^^2a^x::^0'^ and if ^^=J, 
x^ + 2x*=:2. Of this equation 4;wo roots are impoffible: The 

thirdj 
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third, orCK=:,8392867552i45 &c. That is, if the radius of the 
circle, by which a Gothic arch is defer ibed, be to the interval of 
the capitals from which it fprings, as i to ,321426489572, the 
Gothic and femicircular arch of equal fpan will be alfo of equal 
llrength. 

18. Hence therefore^ a Gothic arch whofe radius of curvature is 
equal to the interval between the pillars, which is the ufual man- 
ner of defcription, is the weakeft of all Gothic arches of that 
fpan. According as the centre from which it is defcribed moves 
on either fide, in an horizontal line, the ftrength of the arch 
increales : if it moves towards the middle point of the interval 
of the pillars, the ftrength increafes till the centre arrives at K, 
when the Gothic arch becomes a femicircle. But if the centre 
moves in the contrary diredlion, the ftrength of the arch in- 
creafes without limit 

19. MoNs. Gautier therefore is too general in his affertion 
when he fays, that the Gothic arch is ftronger than the femi- 
circle ; as this is true only in certain cafes, to wit, when the 
radius by which it is defcribed exceeds the fpan in the ratio of 
I to ,321426489572, very nearly j in all other cafes it is weaker. 
We may obferve alfo, that Sir Henry Wotton is not fufficiently 
warranted in his cenfure of this arch, when he fays, that ^' thefe 
*' kind of arches, both for the natural imbecility of the acute angles, 
*' as likewife for their uncomelinefs, ought to be exiled from all 
" judicious eyes, and left to their firft inventors, the Goths and 
" Lombards, amongft other rdiques of the barbarous age/' As to 

its 



[ So ] 

its beauty or deformity, it being a matter not ftibjed to mathe- 
inatical argument, his criticifm on that head caniiot be brought 
to the like decifive teft as the former, and therefore We fhall not 
pretend to controvert it. 

20. The dcpreffed or fcheme Gothic arch is defcribed from 
centres, lying below the right line joining the capitals of the 
Fig. 3. pillars from which it fprings: thus the arch BFD is defcribed 
from the centres m^ n^ which lie below the horizontal line BD. 
Its flrength is eafily computed by continuing the arch FD to 
the horizontal line RS which paffes thTong:h the centres m, n\ 
and then, proceeding as before, the ftrength of the Gothic arch 
BFD will be to the ftrength of a femicircular arch of equal 
fpan, as F G 3 X K D to ;« S ^, that is, becaufe both F G and KD 
mviil always be lefs than m S, in a ratio of lefs ineqtiality^ And 
the ftrength of the two Gothic arches BED, BFD will be to each 
other in the dired duplicate ratio of their radii of curvature, and 
the inverfe triplicate ratio of the perpendicular heights of the 
arches above the lines of their ctntt^* The ftrength alfo of thfe 
Gothic arch of four centres may be eftimated in the fame 
manner. 

21. But as the buildings eroded on Gothic and femicircular 
arches are never fo formed as to render thera cnrves of perfect 
equilibration, but are generally terminated by an horizontal right 
line, it will be neceffary to compare them in this refped ; and we 
fhall find, that though the flrength of the Gothic arch, when in 

equilibrio, 
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equilibrk), is in certain cafes greater than that of a femicircnkr 
arch of equal fpan> yet a given altitude of folid building ereded 
on the Gothic will in fome cafes, but not in all^ produce a greater 
aberration from a perfeS equilibrium than in the femicircular. 
Let BNED, BHD, be the Gothic and femicircular arches, whofe Fig. 4. 
common fpan is BI>; let GR reprefent indifferently the ex- 
tmd^fio of either, from which let fall the perpendicular G M on 
die fpan, meeting the curves in N, «-; and let a- be the altitude 
of the folid building^ iere^ed dn each. If the Gothic arch were 
ia perfed equilibrium, the height above N would be to 1:?^ as E K 3 
to NM^; and the height above n in the circle would be to the 
iamc tf as H K^ to n M * (Art. 1 3.). ISfow if an ellipfe were deferibed 
withB D as a minor axia, arid with EK as a fcmitiranfverfe, it vrouM 
fall without the Gothic arch, and meet the perpendicular G M 
fomewhere between N arid G, for the radius of the circle oleu* 

EK* 
lating the ellipfe in B i^ equal to prr (Ham. Con. Prop. 17. L. 5.) 

that is, equal to the greater abfciifaof the circle B N E, and there- 
fore greater than the radius of the Gothic arch j and the ofeulatiag 
circle falls without the ellipfe (Ham, Con. Prop. 1 5 . L, 5,) ; but fince the 
ofculating circle touches the ellipfc fo intimately, that no circle can 
pafs between it and th^ ellipfe, the Gothic arch muft fall within 
it I therefore the ratio of E I^ to N M is greater than the ratio of 
EK to mM, that is, than the ratio c^ HK to irM (Prop, 30* 
L. I. Ham. Con.) ; tJierefore the height of the folid wall over N, 
in the Gothic arch, muft be gre^tar than over », in the circle; 
and confequently, whcA th^ 4ii>^ ^pJOBwl^ t^e wall is not the 
ejctiadoflb of equttibrium \mt an horizontal line, there will be a 

M greater 
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greater deviation from a perfed balance in the Gothic arch. 
But the higher the Gothic arch the lefs will be the aberration ; 
and it may, at length, be fo far diminifhed as to become lefs 
than the error in the femicircle, for the ordinates E K, N M, 
vary in the fnbduplicatp ratio of their greater abfciff^; and 
thefe abfciiTse, their difference MK being given, approach to- 
wards equahty, as the radius of the circle or height of the arch 
increafcs ; but the ratio of H K to ;? M is the limit of their 
variable ratio; fo that though the height of the wall to be 
ereded over the correfponding points in the Gothic and femicircular 
arch, in order to render them curves of equilibration, continuaHy 
approach to equality, and can be brought nearer to an adual 
equality, by elevating the point of the Gothic arch, than by any 
affignable difference, yet the height of the building to be ereded 
on the points of the Gothic arch will always be greater than in the 
femicircle. Now as E/, the difference between the ordinates N M, 
E K, is always greater than E r, the difference between the 
ordinates m M, E K, and thefe are always in the conftant ratio 
of ^ M to H K, it follows, that by producing the ordinates 
;« M, EK, their difference may be made greater than any 
affignable quantity j and at the fame time the difference be- 
tween the heights of the building to be ereded on the points 
N» ??, of the Gothic and femicircular arch, may be made lefs 
than any affignable quantity. It is evident therefore, that the 
defed of equilibrium over tTie point N, in the Gothic arch, may 
be made lefs than the defed over the correfponding point n of 
the femicircle, arifing from the horizontal termination of the building 
ereded on them. Thus let the difference of the heights of the 
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wall over n and N, when the arches are in equilibrium, be equal 
to d'^ if H V be to H v + ^5 as H K to K E, H v will be equal 
to E r^d. Then a being the altitude oi the building over the 
crown of both arches, and N^ the height over the point n in 
the femicircle, when truly balanced, the defed of equilibrium in the 
Gothic arch will be N^ + ^/-^-Ejft, and in the femicircle it will be 
N^--^-H^ = N^ + ^"^-Er ; but Ej6 is greater than Er, and 
therefore the defe£t of equilibrium in the Gothic arch is lefs than 
in the femicircle. If E r be too fmall, produce E K till E r-H 5t; 
= d^ which is greater than J, the difference of heights when E K 
is fo produced : then, a fortiori^ the deviation from a perfect 
balance will be lefs in the Gothic arch, as before. In all cafes 
the aberration will be lefs when the altitude over the crown of the 
arch is lefs ; becaufe, when quantities are in a given ratio, the 
lefs the quantities themfelves are, the lefs will be their difference* 
And therefore, when the height of the building above the fpring 
of the arch is given, the higher the arch the more it approaches to 
a perfed balance* 

Hence we may obferve, that this arch was peculiarly adapted 
to the ftyle of thofe religious buildings, which were in fafhion 
in the middle ages, where the roof was to be raifcd to 
an extraordinary height, and no great weight immediately 
incumbent on the point of the arch, or where one tier of 
arches was to be raifed over another. But when a very high 
building is to he ereded upon a Gothic arch, the quantity of 
matter over the crown or vertex muft be very much lightened 
by windows or other perforations, as was the pradice with the 
Gothic architeds. 

M 2 %^. If 
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22. If an elHpfc be defcribed on the fpan <^ a femicircular 
arch, its ftpength, when in eqtlHMoy will be to that of a iemi- 
circular arch* reciproealty ats the radii of curvature at the key- 

ftones 

* Hence the ftrength of an elliptic arch whofe lefler axis is perpendicular to the 
horizon, and of la portion of a circle o£ the fame fpan and altitude may be eafily 

compared* For the radius of the circle pafling through the points BED k 

T? IC * -X- If T) * 

F^g' 5* equal to 3]^ * and the radius of the circle ofculating the cliipfe in. D h 

equal ta ~-^ j tkcT^fore the ftrength of the fegment of the circle is to the ftrength 

of the fcmi^lllptH: arch as alCU* to EK»-f KD*, that i% always in a ratio 
of greater inequality. If to this we ^dd, that the aberration from a perfefl equi- 
librium in the femi-ellipfc, arifing from the horizontal termination of the building 
er«<£^ed on it, is very great, but of no^ great confequcnce in any fegment of a 
circle which containB lefs than I20% (fee Huttou's Effay on bridges,) per- 
haps it may feem reafonable to conclude, that portions of circles arc in all cafes 
preferable to femi-elliptic arches, or thofe curvies of many centres, which of late 
have become : fo falhioi^able in the cpnftruftion of bridges. In the celebrated bridge 
over the Scin, at Ncuilly near Paris, confifting of five arches, each 1 20 feet opening, 
and rifing but 30 feet, the radius of curvature at the crown of the arch is 150 feet, 
and therefore is to the radius of a circular a«ch of the fame fpan, and rifing only 
to the fame height, as 2 to i ; and confequently the relative ftrength of thcfe arches, 
without taking into account the enormous error from a true equilibrium in the 
former, is in the reciprocal ratio of thefe numbers. And the ftrength of a femi- 
eilipfe of the fame fpan and altitude is to the ftrength of the curve ufcd in the bridge 
of NeuiUy as j to 4- 

The radius of curvature of a circle ofculating the vulgar cycloid at its vertex is 
equal to twice the diameter of the 'generating circle ; and the radius of a fegment of 
a circle of die fame opening and height is equal to the fum of the fqiiares of half 
the circumference and diameter applied to twice the diameter 5 therefore a cycloid 
is weaker than a circular arch of the farrie fpan and height in the ratio of 11 to 16 
nearly. To this Wc may add, that the accurate conftruftion of cycloidal arches, in 
ftone, is almoft imprafticable, and therefore a confiderable deduftion fhould be 
made from their ftretigth, on account of their imperfeft execution. For thefe rea- 
fons ardics of this kind are not introduced into pr^dlice •, though Drummond, in 
his travels, tells us, that thofe of the bridge of the Holy Trinity, over the Arno, at 
Florence, are cycloidal. And indeed what is related of that bridge is confiftent with 
theory, for on account of its extreme weakiiefs, it is found neceflary to prevent 
waggona and other heavy carriages from pafling over it. 
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ftoncs (by Art. 14.); that is, as the lemidiameter of the cllipfe 
which ia pcrpendicmlar to the horizmi to the femidiameter of the 
circle, (Prop. 17. L. J. Ham. Con.) or as the height of the 
ellipfe to the height of the femicircle ; that is, i£ BmED be an 
elliptic arch, its flrength will be to that of the femicircle B H D, as Fig. 4. 
EK to KI>; but the flrength of the femicircle is to the ftrength 
of the Gothic arcjb BED as EK x AK to CD*; therefore, Fig. 2. 
ex afuOy &c. the ftrength of the elliptic arch is to the ftrength of 
the Gothic arch of equal height and fpan as &K* x A K, or 
A K * X K D to CD* X K D, or as A K * to C D *, or in the du- 
plicate ratio of the fum of radius and the cofine of the Gothic 
arch to radius, that is, in ^a ratio of greater inequality. And 
firice K D is conftant, A K iocreafes in a highef proportion thaa 
CD; therefore in the elliptic arch, the ftrength increafes in a 
higher proportion, as the altitude increafes, than in the Gothic. 
Thus M an elliptic and Gothic arch in which the heights and 
fpans are tqual^ and the fubtenies of their halves equal to the 
fpan, the ftrength of the elliptie wjH be to that, of the Gothic 
as 22^ to Ik). Am! whidn the ftrength of the Gothic arch is equal 
to that of a fenMcircle of equd^ Ipan, the ftrength of an elliptic 
arch of €qual height and fpait exceeds it xieariy in the ratio of 5 
to 2 by Art. 17. 

23. T&E extradoiTo G R of aji elliptic arch BED may be thus in- Fig. 6. 
veft^ated : thropgh aay ppint N of the elEpfe draw the tangent N V 
meeting the axis KE produced in V; from K,the centre let fall the per- 
pendicular K A on the tangent ; and draw KC the femiamjugate of 

KN 
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K N which pafles through the point of contad 5 and N T the ordinate 
to the axis : Alfo lot B K = c, K E = /, E T = ;v, K A=/, and K C-^j 
then KV=~. (Pr. 48. L. i. Ham. Con.); and/=— (Cor. r. 
Pr.3 1 .L. I . Ham. Con.) therefore 71^ : V" ' * ^ (rad.) : Sine of the angle 
K V N or M N A, which is therefore equal to '^ y~^> ^^^ ^^^ ^^^^ 
equal to --^'r~ ? ^^^^ ^^ ^^^ radius of curvature at the point N 
is equal to '~ (Cor.Pr.i 8. L.5, Ham. Con.) — — ; therefore R ^ Sin. ^ 



r*X /~is<r 



-5 



of M N A = '-~-^ \ and the height of the wall above the point 



N, which is reciprocally as R x fin. ^ M N A, will be diredly as 



t' t 



r * xT^^ which at thevertexEis*^; and confequently the height of the 

wall above N is to the height above E as^i^T::;;;* t^TT^ or as /^ to 

7^^' that is, asEK^to NM^ or as HK^ ±0 nM' -, therefore 
the heights of the wall above each point N of the ellipfe and the 
correfponding point n of the femicircle are equal. Confequently 
when the altitude over the vertex of the arch is given, and 
the termination of the wall horizontal, there will be a 
lefs deviation from a true balance in the higher arch, that is, in 
the ellipfe ^ and the height over the point N is to a^ the givea 

height over E, as E K^ to N M% therefore equal to <3 x •— -^ and 

the height over n equal to ^3: x - ■ ; and the difference equal to 

^ X E K^ >^ r—r — TTT which is greater than axEK^ Tr;7~"^T; > that 

NM 

is, greater than 41 X EK^— 7% which is greater than NM, the 

difference 
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difference of the ordinates, for the altitude can fcarcely be conceived 
to be fo fmall as the difference of the ordinates ; confequently there 
will be a lefs deviation from a true balance in the elliptic arch than 
in the Gothic. 

24. It follows therefore, that an elliptic arch, whofe tranfverfe 
axis is perpendicular to the horizon, is to be preferred to the Gothic 
arch for ftrength j both becaufe its llrength exceeds that of a 
Gothic arch of equal fpan and altitude, when both are in a 
ftate of equilibration ; and alfo becaufe a given altitude of build- 
ing raifed upon it and terminated by an horizontal line produces 
a lefs aberration from a perfed balance of the parts. It follows 
alfo that the Gothic arch, when carried up to a fu£5cient height, 
is to be preferred to a femicircular arch for the fame reafons. 

It feems unneceffary to compare the ftrength of the piers 
requifite to fuftain elliptic and Gothic arches with the ftrength 
of the piers of femicircular arches, as, from the great elevation of 
their vertexes, they are entirely unfit to be applied in bridges, where 
alone piers are introduced. 
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